I^PPCT^ . WO 31 87 3 

^S3i Beo'imwr z 4 jam 2002 



DESCRIPTION 
APPARATUS AND PACKET TRANSMISSION METHOD 



Technical Field 

The present invention relates to a base station 
apparatus and packet transmission method used in a CDMA 
radio communication system. 

Background Art 

In a CDMA radio communication system, a system to 
perform downlink high-speed packet transmission to users 
using a channel such as DSCH (Down link Shared CHannel) 
is proposed so that a base station (BS) downloads 
high-volume data to a communication terminal apparatus 
(TS) in a short time. This system will be explained using 
FIG.l below. FIG.l shows a configuration of a 
conventional radio communication system. 

In FIG.l, suppose base station apparatus 11 is 
currently conducting bi-directional radio 
communications with communication terminal apparatuses 
21 to 23 using a communication channel (DPCH). in this 
case, communication terminal apparatuses 21 to 23 send 
information indicating the channel quality of the 
downlink to base station apparatus 11. The information 
indicating the channel quality includes SIR, etc. 

Base station apparatus 11 sends packet signals to 
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a communication terminal apparatus (e.g. , communication 
terminal apparatus 21) which is selected based on the 
channel quality, etc. using DSCH. However, since 
high-speed packet transmission involves large transmit 
power and causes interference with other stations, this 
conventional base station apparatus adopts a 
time-division system and sends a packet signal to only 
one station at a time. 

Here, the CDMA radio communication system may use 
adaptive array for the purpose of reducing interference. 
Adaptive array is a system to carry out transmission with 
directivity by mounting an array antenna made up of a 
plurality of antenna elements on a base station apparatus 
and sending transmission signals multiplied by complex 
coefficients (hereinafter referred to as "weights"). 

Using adaptive array for downlink high-speed packet 
transmission reduces interference, and therefore use of 
adaptive array is expected to allow downlink high-speed 
packet transmission to be carried out to a plurality of 
users simultaneously. 

However, in a CDMA radio communication systems using 
adaptive array, no method has been disclosed so far as 
the method capable of effectively performing downlink 
high-speed packet transmission. 

Disclosure of Invention 

It is an object of the present invention to provide 



a base station apparatus and packet transmission method, 
when adaptive array is used, capable of performing 
downlink high-speed packet transmission simultaneously 
to a plurality of users having little interference with 
each other. 

This object is attained by selecting a plurality 
of users having little interference with each other with 
consideration given to the positional relationship among 
communication terminal apparatuses , forms of directivity 
patterns, directivity width and channel quality of each 
directivity, etc. 

Brief Description of Drawings 

FIG. 1 illustrates a configuration of a conventional 
radio communication system; 

FIG. 2 is a block diagram showing a configuration 
of a base station apparatus according to Embodiment 1 
of the present invention; 

FIG. 3 illustrates an example of a priority table 
determined by a priority determining section of the base 
station apparatus according to the above embodiment; 

FIG. 4 illustrates directivity patterns of the base 
station apparatus according to the above embodiment; 

FIG. 5 is a block diagram showing a configuration 
of a base station apparatus according to Embodiment 2 
of the present invention; 

FIG. 6 illustrates directivity patterns of the base 



station apparatus according to the above embodiment; 

FIG. 7 illustrates directivity patterns of a base 
station apparatus according to Embodiment 3 of the present 
invent ion ; 

5 FIG. 8 is a block diagram showing a configuration 

of the base station apparatus according to the embodiment 
above; and 

Lii, FIG. 9 is a block diagram showing a configuration 

fci . . . 

r=i of a base station apparatus according to Embodiment 4 
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Ml, 10 of the present invention. 
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a Best Mode for Carrying out the Invention 
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j;^ With reference now to the attached drawings , 

c:i 

pi 15 embodiments of the present invention will be explained 
in detail below. 



(Embodiment 1) 

FIG. 2 is a block diagram showing a configuration 

20 of base station apparatus 100 according to Embodiment 
1 of the present invention. 

In FIG. 2, base station apparatus 100 is provided 
with antenna elements 101 to 103 that make up an array 
antenna, transmission/reception duplexer 104, AAA 

25 (adaptive array antenna) reception control section 105, 
demodulation section 106, priority determining section 
107 and transmission destination determining section 108. 



Base station apparatus 100 is further provided with data 
selection section 151, modulation system determining 
section 152, modulation section 153, AAA transmission 
control section 154 and adders 155 to 157 corresponding 
to antenna elements 101 to 103. 

Transmission/reception duplexer 104 carries out 
frequency conversion processing and amplification 
processing on signals received by antenna elements 101 
to 103 and outputs the signals to AAA reception control 
section 105. Transmission/reception duplexer 104 also 
carries out frequency conversion processing and 
amplification processing on signals output from adders 
155 to 157 and sends the signals by radio from antenna 
elements 101 to 103. 

As many AAA reception control sections 105 are 
provided as there are communication terminal apparatuses 
with which radio communications are performed and carry 
out despreading on the output signal from 
transmiss ion/ reception duplexer 104, carry out direction 
of arrival estimation processing on the despread signal, 
calculate a reception weight and perform array 
combination on the despread signal. Then, AAA reception 
control sections 105 output the signals after the array 
combination to demodulation section 106 and output the 
information indicating the direction of arrival of the 
signal to transmission destination determining section 
108 . 



As many demodulation sections 106 are provided as 
there are communication terminal apparatuses with which 
radio communications are performed and demodulate data 
of the signals array-combined by AAA reception control 
sections 105. Then, demodulation sections 106 separate 
information indicating the channel quality of the 
downlink from the demodulated signal and output to 
priority determining section 107 and modulation system 
determining section 152 . 

Priority determining section 107 determines 
priority of each communication terminal apparatus based 
on the information indicating the channel quality of the 
downlink. For example, the higher the channel quality 
of the downlink of a communication terminal apparatus, 
the higher priority is given thereto. Then, priority 
determining section 107 outputs the information 
indicating the determined priority to transmission 
destination determining section 108. 

Transmission destination determining section 108 
estimates the direction in which each communication 
terminal apparatus exists from the information indicating 
the direction of arrival of the signal and determines 
the order of communication terminal apparatuses to which 
downlink high-speed packets are sent based on the 
direction in which each communication terminal apparatus 
exists and priority. This is called "scheduling". 

Then, transmission destination determining section 



108 outputs the information indicating the determined 
communication terminal apparatus to data selection 
section 151 and modulation system determining section 
152. Furthermore, transmiss ion destination determining 
section 108 outputs the information indicating the 
direction of arrival of the signal sent from the determined 
communication terminal apparatus to AAA transmission 
control section 154. Details of the scheduling in 
transmission destination determining section 108 will 
be described later. 

Data selection section 151 selects only the 
transmission data of the corresponding communication 
terminal apparatus based on the determination by 
transmission destination determining section 108 and 
outputs to modulation section 153. 

Modulation system determining section 152 
determines the data modulation system for carrying out 
downlink high-speed packet transmission based on the 
information indicating the channel quality of the 
downlink. For example, modulation system determining 
section 152 selects a high-speed rate modulation system 
such as 16QAM and 64QAM when the channel quality of the 
downlink is good and selects a low-speed rate modulation 
system such as QPSK when the channel quality of the downlink 
is poor. Then, modulation system determining section 152 
instructs modulation section 153 about the modulation 
system. 



As many modulation sections 153 are provided as there 
are data pieces that can be simultaneously sent through 
downlink high-speed packet transmission, and modulate 
and spread the output signal of data selection section 
151 according to the modulation system instructed by 
modulation system determining section 152. Modulation 
section 153 outputs the spread signal to AAA transmission 
control section 154 . By the way, the number of data pieces 
that can be simultaneously sent through downlink 
high-speed packet transmission is predetermined 
according to the number of spreading codes, etc. 

As many AAA transmission control sections 154 are 
provided as there are data pieces that can be 
simultaneously sent through downlink high-speed packet 
transmission and calculate a transmission weight based 
on the direction of arrival of the signal sent from the 
communication terminal apparatus determined by 
transmission destination determining section 108. Then, 
AAA transmission control sections 154 generate signals 
to be sent from antenna elements 101 to 103 by multiplying 
the transmission signals by transmission weights and 
output to adders 155 to 157. By the way, the spreading 
processing for spreading transmission signals using 
spreading codes can be performed either before 
multiplying transmission weights or after multiplying 
transmission weights. 

Of signals output from AAA transmission control 



sections 154 and to be sent to the respective communication 
terminal apparatuses, adder 155 adds up signals 
corresponding to antenna element 101 and outputs the 
addition result to transmission/reception duplexer 104. 
Of signals output from AAA transmission control sections 
154 and to be sent to the respective communication terminal 
apparatuses, adder 156 adds up signals corresponding to 
antenna element 102 and outputs the addition result to 
transmission/reception duplexer 104. Of signals output 
from AAA transmission control sections 154 and to be sent 
to the respective communication terminal apparatuses, 
adder 157 adds up signals corresponding to antenna element 
103 and outputs the addition result to 
transmission/reception duplexer 104. 

Though not shown in FIG. 2, base station apparatus 
100 is provided with modulation sections and AAA 
transmission control sections that send signals to the 
respective communication terminal apparatuses us ing DPCH , 
corresponding in number to the communication terminal 
apparatuses . 

Then, the scheduling at transmission destination 
determining section 108 will be explained more 
specifically using FIG. 3 and FIG. 4. Suppose base station 
apparatus 100 is currently carrying out radio 
communications with nine communication terminal 
apparatuses (MS) 201 to 209. 

FIG. 3 illustrates an example of a priority table 



determined by priority determining section 107. In the 
case of FIG. 3, transmission destination determining 
section 108 selects MS201 with the highest priority first 
as the destination of downlink high-speed packet 
transmission. 

FIG. 4 illustrates directivity patterns for MS201 
of base station apparatus 100. in FIG. 4, the horizontal 
axis denotes the angle from the direction in which MS201 
exists, the angle of which is assumed to be 0° and the 
vertical axis denotes a directivity gain- Furthermore, 
when a transmission signal toward MS201 is considered 
as interference, the amount of attenuation of directivity 
gain oc in FIG. 4 is the amount of attenuation of 
directivity gain that is required to allow communication 
even under the influence of this interference. 

Since the directivity gain at each position is 
uniquely determined by the directivity pattern, the angle 
of attenuation of directivity gain (J> corresponding to 
the amount of attenuation of directivity gain ol is also 
determined uniquely. Since the communication terminal 
apparatuses existing within the range of the angle of 
attenuation of directivity gain (t> are affected greatly 
by signals sent to MS201, those communication terminal 
apparatuses are excluded from among the targets of 
downlink high-speed packet transmission. 

For example, in the case of FIG. 4, transmission 
destination determining section 108 excludes MS202, 203 



and 204 within the range of the angle of attenuation of 
directivity gain 0 as the targets of downlink high-speed 
packet transmission and selects MS207 with the highest 
priority from among the remaining communication terminal 
apparatuses as the destination of downlink high-speed 
packet transmission with reference to the priority table 
in FIG. 3. 

As shown above, by selecting a communication 
terminal apparatus with the highest priority as the 
destination of downlink high-speed packet transmission 
and selecting the next communication terminal apparatus 
based on the directivity pattern corresponding to this 
communication terminal apparatus, it is possible, when 
using adaptive array, to carry out downlink high-speed 
packet transmission simultaneously to a plurality of 
users having less interference with each other. 

This embodiment has described the case where the 
range of communication terminal apparatuses to which 
downlink high-speed packets can be sent simultaneously 
is specified based on the amount of attenuation of 
directivity gain as an example, but the present invention 
is not limited to this and it is also possible to specify 
the range of communication terminal apparatuses to which 
downlink high-speed packets can be sent simultaneously 
according to an absolute transmit power value when 
transmit power of the communication terminal apparatuses 
changes. That is, when the transmit power is small and 



the amount of interference is small, simultaneous 
transmission even in the same direction is possible. 
Moreover, this embodiment has shown the method of 
determining priority only based on the user channel 
quality, but the present invention is not limited to this, 
and it is also possible to determine priority considering 
other decision information in addition to the user channel 
quality. Furthermore, this embodiment estimates the 
direction of arrival of signals from the user using the 
direction of arrival estimation technology with an 
adaptive array antenna, but the present invention is not 
limited to this, and it is also possible to estimate the 
direction of arrival based on positional information, 
etc. received from the user. 

(Embodiment 2) 

Embodiment 2 will describe a case where 
communication terminal apparatuses are divided into 
several groups based on a positional relationship and 
transmission is performed with directivity formed group 
by group. A system for forming directivity group by group 
is described in detail in the Japanese Patent Application 
No .2000-008364 . 

FIG. 5 is a block diagram showing a configuration 
of base station apparatus 300 according to this embodiment . 
The components of base station apparatus 300 shown in 
FIG. 5 common to those of base station apparatus 100 shown 
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in FIG. 2 are assigned the same reference numerals as those 
in FIG. 2 and explanations thereof are omitted. 

In base station apparatus 300 shown in FIG. 5, the 
operation of AAA reception control section 301 is 
5 different from AAA reception control section 105 of base 
station apparatus 100 and the operation of transmission 
destination determining section 302 is different from 
transmission destination determining section 108 of base 
station apparatus 100. 

10 As many AAA reception control sections 301 are 

provided as there are directivity patterns and array 
combination is performed using a weight common within 
a same group. Then, AAA reception control sections 301 
output information indicating communication terminal 

15 apparatuses that belong to each group to transmission 
destination determining section 302. AAA reception 
control sections 105 of Embodiment 1 carry out direction 
of arrival estimation for every communication terminal, 
and therefore carry out despreading prior to direction 

20 of arrival estimation, whereas this embodiment carries 
out direction of arrival estimation group by group, and 
therefore demodulation sections 106 carry out despreading 
processing after AAA reception control sections 301. 

Transmission destination determining section 302 

25 carries out scheduling based on information indicating 
communication terminal apparatuses that belong to each 
group and priority. 



As shown in FIG. 6, specific explanations of 
scheduling by transmission destination determining 
section 302 will be given below in the case where base 
station apparatus ( BS ) 300 carries out radio 
communications with communication terminal apparatuses 
(MS) 201 to 209 using three directivity patterns (A, B, 
C) . 

When the priority determined by priority 
determining section 107 is as shown in FIG. 3 above, 
transmission destination determining sect ion 108 selects 
MS201 with the highest priority from among the 
communication terminal apparatuses that belong to group 
A. Likewise, transmission destination determining 
section 108 selects MS205 and MS207 with the highest 
priority from among the communication terminal 
apparatuses that belong to groups B and C, respectively. 

Thus, by selecting a communication terminal 
apparatus with the highest priority in each group as the 
destination of downlink high-speed packet transmission, 
it is possible, when adaptive array is used, to carry 
out downlink high-speed packet transmission 
simultaneously to a plurality of users having little 
interference with each other. 

( Embodiment 3 ) 

Here, a high-speed rate modulation system such as 
16QAM and 64QAM must carry out transmission with high 



power to achieve the same level of reception quality as 
that of a low-speed rate modulation system such as QPSK. 
For this reason, carrying out transmission according to 
a high-speed rate modulation system will increase 
interference with peripheral communication terminal 
apparatuses . 

On the other hand, adaptive array can control 
directivity widths and narrowing the directivity widths 
makes it possible to reduce interference with peripheral 
communication terminal apparatuses. 

For example, as shown in FIG. 7, when base station 
apparatus 400 sends a signal to communication terminal 
apparatus (MS) 201 that exists in a high-density area, 
narrowing the directivity width makes it possible to 
reduce interference with peripheral communication 
terminal apparatuses . On the contrary , when base station 
apparatus 400 sends a signal to communication terminal 
apparatus (MS) 209 that exists in a low-density area, 
even widening the directivity width causes little 
interference with other communication terminal 
apparatuses . 

Embodiment 3 will describe a case of controlling 
directivity widths considering this point. 

FIG. 8 is a block diagram showing a configuration 
of base station apparatus 400 according to this embodiment . 
The components of base station apparatus 400 shown in 
FIG. 8 common to those of base station apparatus 100 shown 



in FIG. 2 are assigned the same reference numerals as those 
in FIG. 2 and explanations thereof are omitted. 

Compared to base station apparatus 100 shown in FIG. 2 , 
base station apparatus 400 shown in FIG. 8 has a 
configuration with density calculation section 401 and 
directivity width control section 402 added. 

AAA reception control section 105 outputs 
information indicating the direction of arrival of a 
signal to transmission destination determining section 
108 and density calculation section 401. 

Transmission destination determining section 108 
outputs the information indicating the determined 
communication terminal apparatus to data selection 
section 151, modulation system determining section 152 
and density calculation section 401. 

Density calculation section 401 calculates the 
density of the peripheral area of the communication 
terminal apparatus to which downlink high-speed packet 
transmission is performed based on the information 
indicating the direction of arrival of the signal . Then, 
density calculation section 401 outputs the calculated 
density to modulation system determining section 152 and 
directivity width control section 402. 

Modulation system determining section 152 
determines the data modulation system for carrying out 
downlink high-speed packet transmission based on the 
information indicating the channel quality of the 



downlink and density. For example, when the density of 
the peripheral area of the communication terminal 
apparatus to which downlink high-speed packet 
transmission is performed is low, interference with 
peripheral communication terminal apparatuses is small 
and downlink high-speed packet transmission can be 
performed with high power, and therefore modulation 
system determining section 152 adopts a higher rate 
modulation system. Then, modulation system determining 
section 152 outputs information indicating the determined 
modulation system to modulation section 153 and 
directivity width control section 402. 

Directivity width control section 402 determines 
directivity widths based on the density and modulation 
system and controls the directivity width of AAA 
transmission control section 154. More specifically, 
despite using the same modulation system, directivity 
width control section 402 controls the directivity width 
so as to narrow the directivity width when transmitting 
signals to a communication terminal apparatus that exists 
in a high-density area, and widen the directivity width 
when transmitting signals to a communication terminal 
apparatus that exists in a low-density area. Furthermore, 
inthecase where the dens ity is about the same , directivity 
width control section 402 controls so as to narrow the 
directivity width when transmitting signals with a 
high-speed rate modulation system and widen the 
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directivity width when transmitting signals with a 
low-speed rate modulation system. 

Thus , by controlling directivity widths considering 
the density of the peripheral area and modulation system 
of a communication terminal apparatus to which downlink 
high-speed packet transmission is performed, it is 
possible to carry out more effective downlink high-speed 
packet transmission than Embodiment 1. 

(Embodiment 4) 

Embodiment 3 above has described the case where 
directivity widths are controlled considering the dens ity 
and modulation system. However, estimating the 
direction of arrival of a signal requires averaging of 
the reception signal for a long period of time and carrying 
out transmission/reception with a narrow directivity 
width for a communication terminal apparatus which is 
moving fast prevents accurate estimation of the direction 
of arrival of the signal. 

To solve this problem. Embodiment 4 will describe 
a case where directivity widths are controlled 
considering not only the density and modulation system 
but also the moving speed of a communication terminal 
apparatus . 

FIG. 9 is a block diagram showing a configuration 
of base station apparatus 500 according to this embodiment . 
The components of base station apparatus 500 shown in 
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FIG. 9 common to those of base station apparatus 400 shown 
in FIG. 8 are assigned the same reference numerals as those 
in FIG. 8 and explanations thereof are omitted. 

Compared to base station apparatus 400 shown in FIG. 8 , 
base station apparatus 500 shown in FIG. 9 has a 
configuration with speed detection section 501 added. 

AAA reception control section 105 outputs the 
reception signal after array combination to demodulation 
section 106 and speed detection section 501. 

Transmission destination determining section 108 
outputs the information indicating the determined 
communication terminal apparatus to data selection 
section 151, modulation system determining section 152, 
density calculation section 401 and speed detection 
section 501. 

Speed detection section 501 detects the moving speed 
of the communication terminal apparatus to which downlink 
high-speed packet transmission is performed based on the 
reception signal after array combination and outputs the 
detected moving speed to modulation system determining 
section 152 and directivity width control section 402. 

One of the methods for detecting the moving speed 
by speed detection section 501 is the one based on Doppler 
frequency. That is , speed detection section 501 measures 
the Doppler frequency of the reception signal, judges 
that the moving speed is high when the Doppler frequency 
is high and that the moving speed is low when the Doppler 



frequency is low. 

Another method for detecting the moving speed by 
speed detection section 501 is the one based on weight 
tracking. In this case, AAA reception control section 
105 also carries out AAA reception processing with 
directivity patterns shifted by +0° and -6° from the 
current directivity pattern and outputs the reception 
signals with the respective directivity patterns to speed 
detection section 501. Speed detection section 501 
measures SiRofthe reception signal with each directivity 
pattern and decides whether the communication terminal 
apparatus is moving or not based on the SIR measurement 
result. Speed detection section 501 calculates the 
moving speed of the communication terminal apparatus by 
totalizing these results. 

Modulation system determining section 152 
determines the data modulation system for carrying out 
downlink high-speed packet transmission based on not only 
the information indicating the channel quality of the 
downlink and density but also the speed. For example, 
when the moving speed of the communication terminal 
apparatus to which downlink high-speed packet 
transmission is performed is high, modulation system 
determining section 152 adopts a lower rate modulation 
system . 

Directivity width control section 402 determines 
directivity widths based on not only the density and 



modulation system but also the speed and controls the 
directivity width of AAA transmission control section 
154. For example, directivity width control section 402 
controls the directivity width so as to widen the 
directivity width when the moving speed of the 
communication terminal apparatus to which downlink 
high-speed packet transmission is performed is high. 

Thus , by controlling directivity widths considering 
not only the density and modulation system but also the 
moving speed of the communication terminal apparatus to 
which downlink high-speed packet transmission is 
performed, it is possible to carry out more effective 
downlink high-speed packet transmission than Embodiment 
3 . 

As is apparent from the above-described 
explanations, the present invention selects a plurality 
of users having little interference with each other 
considering the positional relationship between 
communication terminal apparatuses, the number of 
directivity patterns, width of directivity and channel 
quality of each directivity, etc . , and can thereby perform 
effective downlink high-speed packet transmission 
simultaneously to the plurality of users. 

This application is based on the Japanese Patent 
Application No. 2000-156895 filed on May 26 , 2000, entire 
content of which is expressly incorporated by reference 



herein . 



Industrial Applicability 

The present invention is ideally applicable to a 
base station apparatus in a CDMA radio communication 
system . 



